Abstract: Photon tunneling gated by light at a different wavelength in an artificially created array of nanometer scale cylindrical channels in a thick gold film is described. This observation suggests the possibility of building a new class of "gated" photon tunneling devices for massive p a d e l all-optical signal and image processing. In our recent work [ 11 some of the unusual properties of naturally occurring extremely small pinholes in thick gold films covered with highly optically nonlinear polydacetylene layers have been studied. Measurements of photon tunneling through individual nanometer scale pinholes has provided strong indication of "photon blockade" effect similar to Coulomb blockade phenomena observed in single-electron tunneling experiments. We have also reported observation of photon tunneling being gated by light at a different wavelength in similar but somewhat larger pinholes. These observations suggest possibility of building a new class of "gated" photon tunneling devices for alloptical signal and image processing in classical and quantum communications and computing. A big step forward would be to artificially fabricate such devices in controllable and reproducible manner. Moreover, massive parallel all-optical signal processing can be achieved if large arrays of such pinholes with enhanced nonlinear properties can be created. However, transition from individual pinholes to a periodic array of them leads to new physics involved in the nonlinear optical processes.
In our recent work [ 11 some of the unusual properties of naturally occurring extremely small pinholes in thick gold films covered with highly optically nonlinear polydacetylene layers have been studied. Measurements of photon tunneling through individual nanometer scale pinholes has provided strong indication of "photon blockade" effect similar to Coulomb blockade phenomena observed in single-electron tunneling experiments. We have also reported observation of photon tunneling being gated by light at a different wavelength in similar but somewhat larger pinholes. These observations suggest possibility of building a new class of "gated" photon tunneling devices for alloptical signal and image processing in classical and quantum communications and computing. A big step forward would be to artificially fabricate such devices in controllable and reproducible manner. Moreover, massive parallel all-optical signal processing can be achieved if large arrays of such pinholes with enhanced nonlinear properties can be created. However, transition from individual pinholes to a periodic array of them leads to new physics involved in the nonlinear optical processes.
Linear optical properties of metallic films perforated with an array of periodic subwavelength holes and exhibiting the so-called extraordinary enhanced optical transmission have been intensively studied recently [2] . Although the exact nature of the enhanced transmission in two-dimensional case (which is sigmficantly different from a better understood one-dimensional case of subwavelength slits) is still not fully established, the role of surface plasmon polaritons (SPPs) in this process is commonly accepted. SPP Bloch waves can be excited by incident light on the interfaces of a periodically nanostmctured film, which may be treated as a surface polaritonic crystal. Resonant light tunneling via states of surface polariton Bloch waves is one of the mechanisms involved in the enhanced transmission. A fundamental difference between conventional photonic crystals and surface polaritonic crystals is a different electromagnetic field distribution close to the surface. Surface polariton is an QTUD6 intrinsically two-dimensional excitation whose electromagnetic field is concentrated at a metal interface. Thus, in contrast to photonic crystals, strong electromagnetic field enhancement takes place at a SPP crystal interface related to the surface polariton field localization. Such enhancement effects are absent in photonic crystals. Field enhancement results in much stronger nonlinear response achieved with surface polaritonic crystals as it is related to the local field strength. This can significantly facilitate nodinear optical mixing in such structures.
As a logical step fonvard, we can ask what would happen if a periodically nanostructured nietal film would be embedded in a nonlinear optical material. In ths coinmunication we report first experimental studies of nonlinear optical properties of arrays of aaificial nanometer-scale cylindrical pinholes in free standing thick gold films (Fig.l) , which exhibit strong nonlinear optical mixing due to the presence of nonlinear material inside the pinholes and on the interfaces of the film. In addition to the SPP effects on the film interfaces, due to pronounced cylindricality of the holes, the shape-resonances (cylindrical surface plasinons) can be excited in the holes. At a given transmitted optical power, for a small cylinder diameters optical field of a cylindrical surface plasmon grows inversely proportional to the diameter. Thus, sufficiently thin cylindrical pinholes filled with nonlinear optical material start to exhibit enhanced nonlinear optical mixing.
